Crohn's disease (CD) is an autoimmune inflammatory disorder that primarily affects the gastrointestinal tract. It may have pulmonary involvement, which has been rarely reported in pediatric patients. Down syndrome (DS) has been associated with increased frequency of autoimmune diseases. However, associations between CD and DS have been rarely reported. We present the case of a 5-year-old girl with known DS and a history of chronic intermittent abdominal pain who presented with persistent pneumonia. Her workup included a chest computed tomography (CT) scan that showed multiple noncalcified pulmonary nodules. An extensive infectious workup was done that was negative. CT-guided needle biopsy of the lung nodules showed necrotizing granulomas. This raised concern for primary CD with extraintestinal pulmonary manifestation. An esophagogastroduodenoscopy and colonoscopy were performed, and colon biopsies showed scattered epithelioid granulomas. Based on this information, there was consensus that her lung nodules were secondary to CD. She was started on standard therapy for CD, and her abdominal and respiratory symptoms gradually improved. However, she continues to have mild residual lung calcification and fibrosis. To our knowledge, this is the first reported case of pulmonary CD in a child with DS. The natural history of pulmonary CD in the pediatric population is not very well studied. Furthermore, since DS has been well known to be associated with increased frequency of malignancies and
Introduction
Crohn's disease (CD) is an autoimmune inflammatory disorder that may involve different sites along the gastrointestinal tract. It may have several different manifestations including symptoms due to extraintestinal metastasis. The disease tends to be more severe and widespread in children and young adults [1, 2] . During the last 2 decades, the incidence of CD in childhood has considerably increased [2, 3] .
Pulmonary involvement in CD is well described, and though it is rarely reported in pediatric patients, it may be more common than previously reported [4] . Pulmonary CD can be latent or symptomatic, with symptoms manifesting before, during or after the diagnosis of CD.
Down syndrome (DS) has been associated with increased frequency of malignancies, autoimmune diseases and infections. It has been hypothesized that this is due to abnormal precocious aging [5] . However, recent evidence suggests that it is more likely that the immune system in DS is deficient from the very beginning, with immune dysregulation causing a tendency towards autoimmune diseases [6] . In addition to other congenital defects [7] , individuals with DS are also more likely to have structural and functional disorders of the gastrointestinal tract [8] . Associations between CD and DS have been reported, though very rarely [9] [10] [11] [12] [13] . In our search of the literature, we did not find any reported case of DS with pulmonary CD to date.
Case Report
A 5-year-old girl with known DS and a history of chronic intermittent abdominal pain presented to the emergency department with worsening symptoms. Her abdominal pain has previously been attributed to underlying chronic constipation and possible irritable bowel syndrome. Workup for her abdominal pain included serologic testing for celiac disease, which showed increased anti-gliadin IgA and IgG but normal tissue transglutaminase IgA. On presentation to the emergency department, an abdominal X-ray was done due to suspicion of constipation, and a chest X-ray confirmed left lower lobe pneumonia. She was treated for presumed pneumonia with oral antibiotics. She then returned to the hospital due to persistent fevers and abdominal pain and was admitted for 5 days for intravenous antibiotics. On serial chest X-rays during the hospitalization and after discharge, she seemed to have persistent left-sided and perhilar infiltrates that remained essentially unchanged in appearance. A pediatric pulmonologist was consulted, who felt that she had no symptoms suggestive of asthma, aspirated foreign body, cystic fibrosis, primary ciliary dyskinesia or immunodeficiency.
A chest computed tomography (CT) scan was done that showed multiple noncalcified pulmonary nodules bilaterally, mainly peripheral in location. The largest nodule measured 8.0 mm and was in the posterior medial aspect of the superior segment of the left lower lobe adjacent to the pleura. The second largest was 7.0 mm in the right pulmonary apex, and another 2 nodules measuring 4.0 mm were seen in the right upper lobe ( fig. 1 ). Two additional 4.0-mm nodular densities were seen in the posterior periphery of the superior segment of www.karger.com/crg Thaver and Beg: Pulmonary Crohn's Disease in Down Syndrome: A Link or Linkage Problem 208 the left lower lobe just caudal to the dominant lesion. There were localized patchy reticular nodular infiltrates in an extreme superior aspect of the superior segment of the left lower lobe and similar extensive infiltrates extending from the suprahilar region on the right side into the right pulmonary apex. These infiltrates demonstrated patchy confluence and air bronchograms with nodularity as well. There was evidence of significant pleural effusion.
Based on these findings, the patient was referred to the Department of Pediatric Infectious Diseases for further workup. Lymphocyte subsets, immunoglobulin levels and vaccine responses to tetanus and pneumococcus were done, as well as a neutrophil oxidative burst assay for chronic granulomatous disease. Neutrophil function showed 74% activity at 48 h, which was considered a normal response and not compatible with a diagnosis of chronic granulomatous disease. Her immunoglobulin assay showed an IgG level of 1,130 mg/dl (range 226-1,870), an IgA level of 218 mg/dl (range 3-155) and an IgM level of 45 mg/dl (range 12-219). She showed a normal response to the 23-valent pure polysaccharide pneumococcal vaccine. Her tetanus antibody level was 0.97 IU/ml, which was considered a normal immunization response. She had negative blastomyces and histoplasma antibody levels.
Her lymphocyte subsets were all within normal range. Results showed a CD19 B-cell count of 127 cells/μl, a CD3 T-cell count of 1,033 cells/μl, a CD4 cell count of 605 cells/μl, a CD8 cell count of 395 cells/μl, and a CD56/16 natural killer cell count of 99 cells/μl; the CD4/CD8 ratio was normal at 1.5. After a relatively extensive infectious workup, she underwent a bronchoscopy and CT-guided needle biopsy of the lung nodules. Bronchoscopy showed normal mucosa. The branching pattern also was normal; however, the right upper lobe bronchus gave only 2 branches compared with the usual 3 branches. There were normal secretions. Broncheoalveolar lavage (BAL) analysis was performed, and specimens were sent for bacterial, fungal and mycobacterial culture analysis as well as for cytology. No acidfast bacilli were seen on fluorochrome stain, and culture results showed no organisms even after 56 days of incubation. Cytology results showed scant bronchial cells and scattered macrophages. The Oil Red O (lipid) stain was negative. CT-guided core lung biopsies showed extensive necrosis with surrounding palisading histiocytes, fibrosis and chronic inflammation ( fig. 2 ). Acid-fast bacillus and Grocott's methenamine silver stains were negative for any organisms.
Diagnosis
These findings, along with the history of chronic abdominal pain, raised concern for primary CD with secondary involvement of the lungs. An esophagogastroduodenoscopy and colonoscopy were performed. The esophagogastroduodenoscopy showed localized mild mucosal abnormality characterized by congestion, erosion and inflammation in the 3rd part of the duodenum. A benign-appearing, intrinsic moderate stenosis was found at the pylorus. This was traversed using a neonatal scope with some difficulty. Diffuse, severe mucosal abnormality characterized by congestion, discoloration, erythema, erosion, friability, granularity, inflammation and nodularity was found in the entire examined stomach. On colonoscopy, patchy, mild inflammation characterized by congestion (edema), erythema and aphthous ulceration was found in the cecum, ascending colon, transverse colon and descending colon. Normal mucosa was seen in the rectum.
The gastric biopsy exhibited moderate to focally marked expansion of the lamina propria by a mixed leukocytic population. Also present were scattered areas of neutrophils, some of which were present in the surface epithelium. A Giemsa stain was performed and www.karger.com/crg Thaver and Beg: Pulmonary Crohn's Disease in Down Syndrome: A Link or Linkage Problem 209 demonstrated the presence of bacteria (these bacteria, however, did not have the usual morphological features of Helicobacter). A periodic acid Schiff stain was performed and demonstrated no fungi. Both the cecum and ascending colon biopsies exhibited cryptitis as well as eosinophilia of the lamina propria. Also present were focal aggregates of histiocytes (although well-formed epithelioid granulomas were not observed). In contrast, the transverse colon and descending colon biopsies showed similar cryptitis and eosinophilia and, in addition, there were scattered epithelioid granulomas. No necrosis was observed related to these granulomas. Acid-fast bacillus and Grocott's methenamine silver stains were performed on these specimens, and no organisms were seen. These findings were suggestive of CD. Based on this information, there was consensus that her lung nodules were secondary to CD. She was then started on mesalamine and later on infliximab and methotrexate. With the start of therapy, her abdominal symptoms gradually resolved. However, she continues to have some residual lung calcification and mild fibrosis.
Conclusion
To our knowledge, this is the first reported case of pulmonary CD in a child with DS. The natural history of pulmonary CD in the pediatric population is not very well studied. Furthermore, since DS has been well known to be associated with increased frequency of malignancies and autoimmune conditions due to immune dysregulation, it is difficult to predict the severity and possible complications in this patient. 
